Abstract. This paper investigates the impact of international students on the UK bilateral trade with 167 partner economies during 1999-2009. The base hypothesis is that transnational social networks lower the invisible trade barriers existing between countries. University students typically develop ties of friendship and trust that can last for decades after graduation and may evolve into economic and business ties. I find robust evidence that education networks boost the bilateral trade between the UK and the home countries of graduates and students. At a more disaggregated level, the strongest effects on exports and imports derive from the networks linked to the Middle East and to the new member countries of the European Union.
"Doing business is about building relationships, it's people betting on people, so you still want to trust the people you're dealing with. A lot of trust is developed through friendship and professional networks like school alumni relations, business associations, and industry ties".
Good morning Exeterians! The company I work for […] is hiring project managers for large scale mobile marketing campaigns. If anyone is interested feel free to send me an email. Exeter Alumni Greece, Facebook.
I. Introduction.
A know story is that the initial links between the Silicon Valley in USA and Bangalore and Hyderabad in India have been built by Indian graduates at California universities who perceived the profitability of offshoring parts of the production abroad and, above all, knew how and where to do it and with whom to establish the first, crucial, contacts. Case studies in sociology and politics published from the nineties have shed light on this and similar facts, concerning Chinese, Taiwanese and other ethnic networks of professionals graduated in the US (Zweig, 1995 , Saxenian, 2000 .
Since then economists have systematically explored the impact of international social networks on the economic exchanges between countries but, differently from the case studies on graduates and professional networks, have focused on the broader and somewhat different category of international migrants (Gould, 1994; Head and Ries, 1998; Rauch 1999; Rauch and Trindade 2002; Gao, 2003; Tong, 2005; Combes, Lafourcade and Mayer, 2005; Buch, Kleinert and Toubal, 2006; Blanes, Martin-Montaner, 2006; Herander and Saavedra, 2005; Kugler and Rapoport, 2007; Tadesse and White, 2008) .
The general hypothesis is that migrants possess a specific knowledge on opportunities in foreign markets and are able to supply matching and referral services that can boost the economic exchanges between their home and residence countries (Rauch, 2001) . While trade between countries is deterred by invisible barriers, built on differences in institutions, norms, cultures and languages, knowledge flows easily within networks of individuals who know each other directly or by referral (Granovetter, 1973) . Hence, the knowledge of migrants is valuable because it lowers the costs of international transactions and the height of the invisible barriers.
Empirical evidence from different countries has provided support to the theoretical predictions: migrant networks appear to boost trade (a review is in Wagner, Head and Ries, 2002) .
In particular, the positive impact of skilled individuals is often higher than that of unskilled ones; a likely explanation is that skilled individuals are more likely to possess both the knowledge on potential opportunities abroad and the means to make them feasible (among others, Docquier and Lodigiani, 2009; Murat and Flisi, 2011) . Also, a corollary of the general hypothesis is that the impact of networks on trade should be stronger as countries are more diverse, or, in other terms, as the invisible barriers separating them are higher (Girma and Yu, 2002) . This paper focuses on the transnational links of education networks and their impact on bilateral trade. As in the initial case studies, international students, alumni and graduates are the subjects of this investigation. Specifically, students from 167 countries registered in UK Universities during the period 1999-2009 are taken into account. Following the definition adopted by UNESCO, students are classified as international students if they left their country of origin and moved to another country for the purpose of study. In other terms, they are individuals that moved from their country with the purpose of investing in their human capital and skills. The UK is the second country in the world after the USA in attracting tertiary level students from abroad and, among the two, is the first in terms of international students as a proportion of the total students' population. Hence, the main question of this paper is, can international movements of tertiary level students boost bilateral trade? And, also, do the student networks of more diverse countries have a higher impact on trade?
In old as in modern times the young attending college and university tend to develop ties of friendship and sentiments of fidelity toward their educational institution. This is so especially in countries where higher education takes place in campuses where students live for some years and participate in study groups, sport teams, associations, unions, societies and fraternities. (Mayer and Puller, 2008; Marmaros and Sacerdote, 2006 , Baker, Mayer and Puller, 2011 , Arcidiacono, Khan and Vigdor, 2011 . Some of these friendship ties survive after university, partly maintained by the graduates themselves and partly by the educational institutions, which often hold officially recognized nets of alumni associations worldwide. In recent years, communication has been facilitated and improved by the use of the Internet, and especially by programs like Facebook, LinkedIn, Twitter, which convey and expand the links among people; Facebook, in particular, was initially conceived exactly as a virtual platform for the social interactions of college students. In the past as in present time, graduates and alumni are keen to maintain college and university links out of sentimental but also of practical reasons. As the citations at the beginning of this paper read, relationships between university mates are based on friendship and trust, and over time can evolve into professional and business interactions (Cohen, Frazzini and Malloy, 2008) . This paper's main findings are that education networks positively and significantly affect the bilateral trade between the UK and the home countries of students and graduates. Results are robust to different specifications. Moreover, the disaggregated picture provides only a partial support to the corollary on diversity, other forces appear to be also at work. Specifically, the larger impact on bilateral trade is that of Middle East students, which supports the assumption of higher network effects between less similar countries, but effects are also significantly positive for students from the European Union (EU) and especially from the new member countries, which cannot be considered more dissimilar to the UK than other regions of the world. While the first result sheds light on the potentially positive impact of a country's policy of attraction of foreign students on its economic exchanges, the second can be influenced by the common measures on higher education pursued by European countries during the last fifteen years. The paper is organized as follows.
Section II presents the data and some descriptive statistics, Section III makes clear the empirical strategy, Section IV discusses the main findings and Section V concludes.
II. Data and descriptive statistics.
There were 288,588 international students on average each year in the UK from 1999 to 2009 (Table 1) . During this period, both the overall size of the students' population and its international component have increased, but the latter has grown more than proportionately: the proportion of international students on the total number of students was 11% in 1999 and 15% in 2009. International students registered in UK universities originate from all world areas. Table 2 shows that the main flows originate from the European Union of 15 countries (EU members in 1999) and North America (Canada, USA and Mexico), then follow those from Asia and the new members countries of the EU (members of EU27 after 1999) and, finally, those from the other areas. The third column for each group in Table 2 reports the changes of these flows through time.
The correlation coefficients between the variable International students and a time trend show a significant variability in time patterns. The world patterns of trade flows partially differ from those of students. Table 2 shows that the UK bilateral trade takes place, in descending order, with Asian countries, EU new countries, European countries outside the EU and, in a lesser extent, with North America and the European countries of the EU 15 group. Also in this case, however, the more rapid growth in imports and exports concerns the EU new countries (and, also in this case, growth can be the result of the new EU membership), followed by the economic exchanges with South America, the EU15 and the Middle East (figures are in the third column for each group in the Table) .
III. Empirical strategy
Following Bergstrand (1985) and Gould (1994) , I use a gravity equation of trade augmented by international students' variables to assess the link between education networks and the bilateral trade between the United Kingdom and students' home countries. The general specification is Y it = f(International students it ; X it ), where Y it is the volume of UK exports or imports, International students it is a measure of students in the UK from country i at time t, and X it is a vector of variables that influence bilateral trade between the UK and country i at time t. The gravity model predicts that the volume of trade is positively related to the pair countries' economic masses (as measured by domestic products) and negatively related to the trade costs between them. Per capita GDP is also used to account for the wealth and productivity effects of the partner countries. Wealthier and more productive countries are hypothesised to be more open to trade while geographic distance is supposed to increase the costs of trade. Regressors include also other factors that the empirical literature have found to be significantly correlated to trade. These are the level of development of countries' institutions, a common language and trade and institutional agreements among countries (Dunlevy, 2006; Hutchinson, 2005; White, 2007) . The base functional form used in this paper is: Table A2 in the Appendix.
As already mentioned, the coefficients of GDP and PcGDP are expected to be positive. As transport costs and cultural and institutional dissimilarities between countries -which enhance the costs of transactions -are supposed to increase with distance (DIST), its coefficient is expected to be negative. Better institutions and a common language should instead lower transaction costs, so the coefficients of Governance quality and Language are expected to be positive. Regarding the latter, the matching and referral services of international students and graduates in the UK can be reinforced by their speaking English. Hence, in principle, the 'common language' factor can be correlated with trade both directly, through the Language variable, and indirectly, through
International students. The coefficients of the three dummies, EU15, EU new countries and CMW, meant to capture the effects of economic and institutional agreements between countries, are expected to be positive. The variable of interest, International students, should positively affect trade because, as mentioned above, international students, graduates and alumni are skilled individuals with specific knowledge on economic opportunities in foreign markets.
As network effects are likely to depend mainly on older students and graduates, the regressions are also run by substituting the time-varying variable International students with a timeinvariant regressor, International students_ 1999 , which concerns the number of students registered in 1999, the initial year of the panel time-span. Reasonably, all students registered in 1999 will have completed their studies within the next few years and will be graduates and alumni when the imports and exports considered take place. Hence, the coefficient of this variable can be interpreted as the influence of graduate and alumni networks on bilateral trade. Finally, a corollary to the main networks hypothesis is that the impact of transnational links should be higher as countries are more diverse. In this case, coefficients should be higher for networks related to the areas less culturally and institutionally similar to the UK, which, in Table 2, can be considered to be Sub-Saharan Africa, the Middle East and Asia, while they should instead be lower for the more similar ones: North America, Europe and Australia and Oceania. To test the impact of education networks across these different groups of countries and world areas, the International students variable is interacted with a dummy corresponding to each of the world regions considered in Table 2 , and regressions are re-run accordingly. Table 3 presents the results of the regressions based on equation (1) and subsequent modifications. It shows that, and as expected, the coefficients of the variable International students are always positive; also, they are significant in all the export regressions and in all the import ones, except Model 5.
IV. Regression analysis
More specifically, Model 1 shows that a 10% increase in the number of international students in the UK leads to higher exports to and imports from the students' home countries of more than 3%. Significance levels are in both cases at 1%. The presence of students at the beginning of the period considered is less likely to have been determined by the international trade of the ensuing decade than vice versa, but coefficients might still be affected by endogeneity. To further check for this possibility, the instrumental variables approach is followed. A regression run with the two instruments already mentioned, international students in Western Europe, and in the North American countries of USA and Canada, in fact signals a potential problem of endogeneity in the OLS base specification. However, while both instruments appear to be uncorrelated with bilateral trade in the UK (more specifically, with the u it of equation 1), from first stage regressions (in Table A1 in the Appendix), only International students in North America is significantly correlated with International students in the UK. Hence, the regressions of Model 3 in Table 3 are run by using this latter instrumental variable, the validity of which is supported by an F-statistics value of 230.3. Results show that the coefficients of the TSLS regressions are higher than the OLS ones of Models 1-2, both in the import and export regressions: values in Model 3 are 0.53 for exports and 0.49 for imports, and significance levels are at 1% and 5% respectively.
Model 4 includes the lagged dependent variable among regressors to obviate for potential correlation of trade between countries over time. Results show that, conditional on past exports and imports, the impact of international students on bilateral trade persists: a 10% increase in the numbers of registered international students has the long run effect of increasing exports of 2.7%
and that of increasing imports of 3% (significance level at 5% in both cases). The values of these coefficients are similar to those of the OLS Models 1 and 2.
To control for factors that can affect countries each year, all regressions of Table 2 include time-dummies. Also, in Models 1-4, Distance, Language, EU15, and CMW, EU new countries should control for factors that vary across countries but not over time. As other time constant variables could still be omitted, Model 5 includes countries' fixed effects (FE). As a result, the explanatory power of the equations substantially decreases, which is not surprising, given that, as Table 1 shows, most of the variation in the data is due to between rather than to within country differences. Moreover, the FE model is based on the assumption of time-invariance of the omitted variables, but in this case at least one important factor indeed changes during the period considered, the already mentioned EU membership status, which is subsumed in countries' fixed effects.
Despite this, Model 5 provides further evidence of the link between international students and trade, particularly in the exports equation, where the coefficient of International students is higher than that of Model 4 (significance level at 5%), while in the imports regression the two coefficients are equal, but the result of Model 5 is non-significant.
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In fact, the EU new countries variable is treated as a fixed factor also in Models 1-4, while it captures the impact of institutional and economic agreements that have changed during the period considered. These changes may have affected the trade flows between the UK and the EU new member countries and, through trade-diversion mechanisms, also those with other world areas.
Moreover, they may have influenced the flows of students from these countries to the UK. Hence, to test the robustness of coefficients to the above specifications, the regressions of Models 1-5 have been re-run by using dynamic time-dummies, obtained by interacting EU new countries with a time (year) dummy. The results concerning the OLS model are Table A1 in the Appendix; they show that the coefficients of the variable of interest do not vary significantly with respect to those of Model 1 in Table 3 . The same applies to the coefficients concerning the other specifications (Models 2-5). Regressions are available from the author upon request.
In sum, across the different specifications, the transnational links of education networks appear to robustly and substantially affect the UK's bilateral trade with the home countries of international students.
Given this aggregate result, it is now of interest to see whether international students of different countries and areas of the world have a different effect on bilateral trade; in particular, if students from more dissimilar areas have a stronger impact on bilateral trade. (Table 4 , Models 6 and 7). As in the former regressions, time-dummies are used in all regressions.
The coefficients of the interacted variable in Table 4 vary markedly across the world areas.
More precisely, the effects of education networks is positive and significant in all regressions concerning bilateral trade with the Middle East; they are also positive and significant on the exports to the EU new countries, and, in Model 6, on imports from this region. In particular, the long run effect of an increase of 10% in students from the Middle East on exports to this area is of 2.8%, while the effect of a parallel increase in students from the EU new member countries on exports to these countries is of 2.3%. Turning to imports, a 10% increase in students from Middle East countries boosts imports from this area by 2.9%. The coefficient concerning the EU new countries is positive in both specifications, but significant only in Model 6. In sum, both in the exports and in the imports regression, the more robust results concern the education networks linked to the Middle East and to the new member countries of the EU. Also in this case, regressions have been re-run with the time-dummies replaced by varying time-dummies (as above, EU new countries is interacted with a time effect) without finding significant variations in coefficients. How can these results be interpreted? On the one hand, the high and significant coefficients of the education networks linked to the Middle East countries appear to confirm the expectation of strong effects with more dissimilar countries and areas. The cultures, religions, languages, institutions of the countries of the Middle East tend to differ markedly from those of the UK. Also, with the exception of Pakistan, none of them belongs to the Commonwealth. 3 On the other hand, network links with EU countries also have positive and significant coefficients, and these countries cannot be considered more dissimilar to the UK than other world regions.
In this latter case, geographic and institutional factors may have some influence on the formation and endurance of students' networks. For example, the formation of social ties among European students can be made easier by the geographical vicinity of the UK with the countries of origin, the freedom of circulation within the EU and, perhaps, also the relatively low costs of air travel in the area, which facilitates meetings during vacation time, while at university, and after the completion of studies. Low-cost travel companies are especially attractive for the young. A comparison between the age structure of passengers in two different airports, Heathrow and Stansted, both of the London area based on data from the UK Civil Aviation Authority provides some indirect evidence. Stansted is the hub of the principal low-cost company in Europe (Ryanair), while Heathrow is the main international UK airport. During 2011, the percentage of people aged 20-24 on the total number of people travelling through Stansted was 13,7% while it was 9.2% at Heathrow. Those aged 25-34 were 29.4 at Stansted and 23.8 at Heathrow. Hence, a higher percentage of young people is present among passengers utilizing the low-cost travel airport. A report from comScore, Inc. (NASDAQ: SCOR) shows that, in February 2011, the percentage of people aged 15-24 on the total number of visitors of the web sites of Ryanair and EasyJet, the two main low-cost companies in Europe, were respectively 18.2% and 15.1%; if also people aged 25-34 are considered, the percentages rise to 28% and 25.8 respectively. The two percentages are substantially lower in North America.
exports equation, while it is not correlated with imports. This is consistent with the geographical composition of trade flows from and to the UK (Table 1) The robustness of the results of education networks of Table 3 are further tested by taking into account other factors that can potentially affect trade and the impact of international students.
For example, individuals having to decide where to study abroad may prefer countries where a community of nationals is already present. In this case, the impact on trade might in fact depend on the immigrant community, rather than on international students. To test for this possibility, I have re-run the regressions of equation (1) by adding the stocks of immigrants from the sending countries among the regressors. Results, in Table A1 in the Appendix, are not comparable with those of Table   2 because a very substantial number of data on immigrants are missing (more than 80%). It can be observed, however, that the coefficient of the immigrant variable is non-significant in both the export and import regressions, while that of International students is positive and significant in both.
Other factors that have been tested are religion, as a proxy of cultural similarity (measured as the proportion of people of Christian religion living in each partner country), a dummy with value one for the UK ex-colonies, as a proxy for similarity in institutions, the level of literacy in countries, as a measure of human capital in countries, an index of inflation in countries as a measure of exchange rate volatility. In none of these cases, the coefficients of these variable turned out to be significant or robust.
V. Conclusion
To my knowledge, this paper is the first systematic analysis of the link between education networks and bilateral trade. To date, the few economic studies on international students have focused on brain-drain and innovation activity in sending or receiving countries, or on the determinants of studying abroad. This paper makes clear the existence of a nexus between transnational education networks and the economic exchanges between the home countries and the country of higher study of students and graduates. It can therefore represent a contribution towards the understanding of the possible overall effects of international students on economy as a whole.
The splitting of the data into world areas shows that the networks linked to the Middle East and to countries of the European Union, especially the new member economies, have the strongest effects on trade. Hence, network effects are vary across countries, but the picture that emerges does provides a clear support to previous findings in the literature on international networks (Girma and Yu, 2002) : in this case the effects on trade do not unambiguously increase with the degree of diversity between the partner countries On the one hand, the influence on bilateral trade of Middle East education networks appears to be consistent with the diversity assumption; on the other, the effect of networks linked to countries of the European Union does not provide support for it, these countries cannot be considered more dissimilar to the UK than other world areas. This latter result, instead, might be driven by other forces, concerning more directly the formation and endurance of student ties. One of these forces can be the freedom of movement within the EU and the low costs of travel in the area; both facilitate the physical meetings of network members, during and after the years of higher studies. Another can be represented by the measures pursued by European and neighbouring countries during the last fifteen years, leading to a convergence in higher education standards and to the reciprocal acceptance of university degrees. For graduates and alumni, the practical usefulness of the ties born while at university increases with the possibility of freely seeking for professional job positions in the whole wide European market. Both these elements can favour the robustness of the network ties and the circulation of valuable economic information.
While the UK has a long tradition of attracting students from abroad, despite some policy restrictions in recent years, other countries lack a clear position in this respect. This study has
shown that the international movements of students can be an effective way of improving the economic exchanges between the countries involved. 
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